Fresh plant material is ashed directly by heating in nickel or platinum dishes over a "flame. An acid solution of 25 milligrams of ash is treated with stannous chloride and potassium thiocyanate. The amber-colored molybdenum thiocyanate complex ion is extracted with isopropyl ether, and the intensity of the color of the ether layer over a sample solution is compared with the ether layer over standard molybdenum solutions treated similarly. Field determinations can be made quickly and the method requires no special equipment. As little as 0.25 microgram or 0.001 percent molybdenum can be determined in plant ash.
INTRODUCTION
This method for the determination of molybdenum was developed for use in the search for mineralized areas and ore deposits by chemicil studies of vegetation. It is a modification of the thiocyanate-stannous chloride method, modified for easy use in the field.
According to ter Meulen and Ravenswaag (1935) , Bertrand (1940) , Ferguson and others (1940) , Barshad (1948) , Mitchell (1948) , and Robinson and Edgington (1948) , molybdenum in plants varies from less than 0.0001 to 0.04 percent in the dry plant. This would be roughly 0.002 to 0.1 percent molybdenum on an ash basis.
The analysis of plants for geochemical prospecting purposes need not be very accurate. Small variations in molybdenum content, caused by such factors as the health of the plant and variation in soil moisture, are not significant in prospecting. Failure of a method to detect these small differences is an advantage; otherwise, they might be attributed to differences in molybdenum content of the soil. The method which follows is an attempt to meet the sensitivity, range of molybdenum content, and the accuracy deemed desirable for a field method for geochemical prospecting. Estimation of molybdenum--To both the standard and plant solutions add 0.6 ml cone HC1, 0.5 ml KSCN solution, and 1 ml SnC12 solution, shaking after each addition. Let the solutions stand for about 1 minute. Make a preliminary comparison of the sample solutions with the 5 microgram standard. Discard any samples which are obviously darker and replace with an aliquot of a 10 mg sample of ash prepared as follows:
Fuse the replacement sample with LiNO 3 and dissolve the melt in 1 M HC1 as before. Make the volume up to 5 ml with water. Pipette 1 ml (2 mg) of this solution into another culture tube, add phenolphthalein, and then 1 M HN 4OH until the solution is faintly pink. Make the volume up to 5 ml with water; add the conc HC1, KSCN and SnC12 to this aliquot for the estimation of molybdenum. Add 1 ml of freshly saturated isopropyl ether, cork the culture tube and shake for 15 seconds to extract the molybdenum thiocyanate complex ion into the ether. Determine the amount of molybdenum in the plant solution by comparing the intensity of color of the ether layer with that obtained over the standards. Use a white background to make the comparisons; make comparisons within 30 minutes after extraction. 
DISCUSSION
For rapid determination in the field the plant is ashed before it has been dried. This necessitates the use of the weight of ash as the basis for the calculation of the molybdenum present. In reporting on the ash-basis rather than the more customary dry-basis, care must be taken that misleading results due to contaminated samples are not reported. Since the components of soil contamination (that is, the ferric oxide, silica, etc) do not change weight in the ashing, they tend to dilute the ash from the plant. Consequently, the effect of soil contamination is greater when the results are reported on the ash basis than when they are reported on the dry-plant basis. Soil contamination can be detected quite easily in this procedure. The lithium nitrate fusion, which is used to destroy residual carbon in the ash, does not appreciably attack the soil minerals. Their presence is shown by undecomposed particles in the bottom of the test tube after the melt from the fusion has been dissolved.
The laboratory results in table 2 were obtained from samples ashed at a controlled temperature, and the field method of ashing (in platinum) was used to obtain the results by the field-method. Such errors as would occur as a result of uncontrolled burning or ashing are included therefore in the field results. Since the overall differences obtained by the two methods are small, the errors due to the field method of ashing are also small. Equally satisfactory results can be obtained on ash prepared in either nickel or platinum dishes. The ignition in platinum is somewhat quicker, but platinum is expensive for field equipment.
With ethyl either a good separation can be obtained from all elements that interfere in the stannous chloride-thiocyanate method, with the exception of vanadium, tungsten, and rhenium (Sandell, 1950) . Isopropyl ether has been successfully substituted for ethyl ether in the analysis of soils (Ward, in press), plants (Evans and others, 1950) , and phosphate rock (Robinson, 1948) . Isopropyl ether is preferable because it is less volatile than ethyl ether. It has the added advantage that, under the conditions of this test, the color of the ether layer is not affected by as much as 200 micrograms of vanadium. Moreover, it is unlikely that plants will contain enough tungsten or rhenium to affect the results. The carbon is destroyed because it tends to coat the organic layer and makes colorimetric readings difficult.
Color differences adequate for making readings can be detected in solutions containing 0.25 to 5 micrograms of molybdenum in a volume of 1 milliliter of isopropyl ether. Thus, the readable range covers only one order of magnitude whereas the range of molybdenum in plants (0. 002-0. 1 percent) covers two orders of magnitude. Extracting with 2 milliliters of ether merely shifted the readable range upward slightly (1 to 8 micrograms). Decreasing the intensity of color to match the standards by diluting the 1 milliliter of ether extract also failed. It is necessary to reduce the amount of molybdenum being extracted to 5 micrograms or less by using a smaller sample of ash or by using an aliquot of the ash solution. When an aliquot is used, the aliquot must be taken before the adjustment of the acidity and the addition of thiocyanate and stannous chloride.
RESULTS
Molybdenum determinations were made on samples of plants by the proposed field method and a laboratory method to ascertain the merits of the field method. The ash for the laboratory method was made by ignition of air-dried, ground material in a muffle furnace at 450 degrees; the ash was dissolved in hydrochloric acid (Barshad, 1948) ; and the molybdenum was estimated by the thiocyanate-stannous chloride procedure described by Robinson (1948) . Table 2 
